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MOLECULAR DLiGNOSIS OF ATYPICAL 
MYCOBACTERIAL INFECTIONS 

1. RELATED APPLICATION 
This application claims the benefit of U.S. Provisional Application No. 
60/421,451, filed October 26, 2002. 

2. FIELD OF INVENTION 

The present invention relates to the detection of atypical mycobacteria in 
biological samples. More specifically, this invention provides methods for rapidly 
diagnosing atypical mycobacteria infections directly firom patient samples using primers 
generated to the internal transcribed spacer sequence of 16S-23S rDNA that specifically 
amplify mycobacteria other than tuberculosis (MOTT). 

3. BACKGROUND OF THE INVENTION 

It is estimated that there are 8 to 10 million new cases of pulmonary tuberculosis 
causing approximately 3 million deaths per year, worldwide, making tuberculosis one of the 
foremost causes of death due to infectioa Mycobacterium tuberculosis, the etiological 
agent of tuberculosis, is an add-fast, non-motile, rod shaped bacterium. As a result of 
recent increases in the number of immunocompromised and immunosuppressed patients, 
MOTT infections are also increasing. For example, mfections by M avium complex 
(MAC), M fortuitum, M. chelonae, M. kansasii and several other nontuberculosis 
mycobacteria referred to as atypical mycobacteria or MOTT are opportunistic pathogens in 
patients infected with HIV as well as in other inunune compromised patients. MOTT 
species are the etiological agents of chronic pulmonary disease, lymphadenitis, skin and 
soft-tissue infections, and oppOTtunistic infections in man. MOTT are present in the 
environment and infect animals as well as humans. Unlike the M tuberculous (MIB) 
complex (M tuberculosis, M. c0icanum, M. microtii andM. bovis), molecular methods for 
T^id detection and identification of MOTT species do not ©cist. 
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Conventional methods for the diagnosis of mycobacterial infections involve direct 
acid-fast staining and organism cultivation, followed by biochemical and morphological 
assays to confirm the presence of mycobacteria and identify the species. Typical 
diagnostic methods using conventional culture methods are time-consuming and can take 
as long as six weeks. Automated culturing systems such as the BACTEC system 
(Becton Dickinson Diagnostic Instrument Systems, Sparks, MD) can decrease the 
detection time of mycobacteria to one or two weeks. However, once detected, culturing 
these slow-growing microorganisms in the presence of antibiotics to determine their drug 
susceptibility requires several addhional weeks. Therefore, a need to further reduce the 
time required to diagnose mycobacterial infections to provide prompt treatment of 
mycobacterial infections exists. 

Because of important clinical significances of MOTT, it is desirable to develop a 
method that can quickly and efficiently diagnose and differentiate MTB and MOTT. 
Unfortunately, the abilhy to quickly diagnose MOTT in the early stages of infection 
based on clinical testing is lacking. Presently, a combination of clinical findings and 
identification of acid-fast bacteria by microscopy in patient samples are by fiir the most 
rapid and cost-effective detection metiiods. However, these tests yield poor sensitivity and 
specificity and definitive diagnosis by culture is still particularly difficult to determine 
quickly because it takes about 2 to 8 weeks to grow the culture and gather all data 
(Springer et al., 1996 J. Clin. Microbiol. 34:296-303 and Wayne et al., 1991). Moreover, 
some mycobacterial isolates cannot be accurately identified using standard biochemical 
test alone. Cias chromatography and high performance Uquid chromatography (HPLC) 
provide an accurate identification but often require culture isolates or larger numbers of 
bacilli (Ramos, 1994 J. Chromatgr. 32:219-227). A commercially available non-isotopic 
Accuprobe method (GEN-PROBE, Inc.) provides species-specific oligonulceotides 
probes that hybridize against the RNA of M avium, M. intracellulare, M. gordonae and 
M. kansaii. However, this test is only applicable on cultures and cannot be used directly 
on patient samples (Lebrun et al.. 1994 J. Clin. Microbiol. 30:2476-2478). 

Molecular methods that provide quick and fapid diagnosis of MOTT in clinical 
specimens are not available. Available PCR-based methods for diagnosing mycobacterial 
infections often require considerable time or dedicated equipment for a single test (Yule, 



m^BiotechnoL 12:1335-7 and Eisenach etal.. 1991 Am. Rev. Re^ir. Dis. 144:1160-3). 
Methods for identifying rapidly growing mycobacteria using restriction fragment length 
polymorphism (RFLP) of MOTT DNA and other techniques involving complex 
methodology are not suitable for clinical testing environments (Telenti et al., 1993 / 
Clin. Microbiol. 31:175-8; Roth et al, 2000 J. Clin. Microbiol 38:1094-1104; Ringuet et 
al., 1999 J. Clin. Microbiol 37:852-857 and Avaniss-Aghajani et al., 1996 /. Clin. 
Microbiol 34:98-102). Further, methods such as multiplex PCR-based assays followed 
by reverse cross-blot hybridization (Koxet at, 1997 J. Clin. Microbiol. 35:1492-1498) or 
methods that differentiate mycobacteria species by amplifying the superoxide dismutase 
gene (Zolg et al, 1997 J. Clin. Microbiol. 32:2801-2812) used for identifying 
mycobacteria have several clinical disadvantages. In particular, methods requiring 
hybridization of nucleic acids extracted from patient samples against species-specific 
probes can only recognize a specific species of MOTT and require large sample volumes 
or quantities. Moreover, species-specific methods designed for detecting MTB and M. 
avium in clinical samples (Stauffer et al., 1998 J. Clin. Microbiol. 36:614-617 and Emler 
et al., 2001 J. Clin. Microbiol. 39:2687-2689) or PCR amplification techniques for 
differentiating M. avium and M. intracellulare (Chen et al., 1996 J. Clin. Microbiol. 
34:1267-1269 and Kulski et al, 1995 J. Clin. Microbiol. 33:668-674), have limited 
diagnostic utility because these methods differentiate only two species. Therefore, a 
molecular method capable of diagnosing several MOTT species in both fresh and 
archival tissue samples in a single test is needed. The present invention not only provides 
a more rapid method for detecting and differentiating MOTT and MTB, it also 
significantly decreases the waiting time for growing culture isolates and eliminates the 
requirement for larger numbers of bacilli 

Discussion or citation of a reference herein shall not be construed as an admission 
that such reference is prior art to the present invention. 

4. SUMMARY OF THE INVENTION 
This invention uses sequences of the internal transcribed spacer sequence (ITSS) 
of 16S-23S rDNA of mycobacteria to identify MOTT and distinguish them from MTB. 
It was not known until the present invention whether amplification of specific sequences 



to ITSS of mycobacteria would result in fragments of MOTT and, if so, whether or not 
these fragments could be used to distinguish MTB from MOTT. It was also unknown 
whether or not this ITSS generated fragment could be used to distinguish specific species 
of MOTT. Moreover, classical methods for identification of mycobacteria rely on acid- 
fast staining of bacilli followed by cultures and biochemical testing which could take as 
long as 8 wedcs to speciate an isolate. Accordingly, the present invention provides a 
method ft>r diagnosing and identifying infections caused by MOTT or MIB species in a 
patient sample in a single test in less than 24 hours. 

Depending on clinical presentation of a case, physicians often request a clinical 
laboratory to identify or determine the presence of MOTT in patient samples that are 
negative for MTB. Therefore, one aspect of the present invention provides a method for 
detecting MOTT species in a patient sample comprising amplifying MOTT nucleic acid 
with primers generated to the ITSS of MOTT species and detecting approximately a 130 
base pair (bp) amplified product indicating the presence of MOTT in a patient sample. 

This invention also provides methods for detecting and differentiating infections 
caused by MOTT species comprising amplifying MOTT micleic acid with primers 
generated to the ITSS of MOTT species and/or Afycobacterium chelonae, separating the 
amplified nucleic acid products; and detecting approximately a 130 base pair (bp) 
amplified product indicating the presence of MOTT and/or approximately 190 bp 
indicating the presence of Afycobacteria chelonae in a patient sample. 

The present invention further provides a method for detecting and differentiating 
infections caused by MOTT and MTB comprising ampUfying nucleic acid with primers 
generated to the ITSS of MOTT species and primers generated to Mycobacteria 
tuberculosis, separating the amplified nucleic acid products; and detecting approximately 
a 130 base pair (bp) amplified product indicatmg the presence of MOTT and/or 
approximately 180 bp indicating the presence of M tuberculosis in a patient sample. 

It is a fijrther object of the present invention to provide diagnostic kits for 
determming whether a patient is infected with MOTT, MTB or M chelonae comprising 3 
primer sets labeled wfth different detectable labels which are used to amplify MTB or 
MOTT or M chelonae from a nucleic acid molecule of a sample and a reagent for 
detecting the labels. 



5. DETAILED DESCRIPTION OF THE FIGURES 
Figure 1 shows an autoradiogram of an 8% native polyacrylamide gel revealing 
the amplification product of the ITSS of mycobacteria with MOTT primers in 100 nl 
5 reactions. Lane(l) negative control containing all reaction components and no template 
DNA; Lane (2) purified M bovis genomic DNA (10 ng); Lane (3) purified M 
tuberculosis H37Rv genomic DNA (10 ng); Lane (4) purified M. fortuitum genomic 
DNA (10 ng); Lane (5) purified M chelome genomic DNA (10 ng); Lane (6) purified M 
avium genomic DNA (10 ng); Lane (7) purified M. kansaii genomic DNA (0.01 ng); and 
10 Lane (8) purified M scrojulaceum genomic DNA (0. 1 ng ). 

Figure 2 shows an autoradiogram of an 8% native polyacrylamide gel revealing 
the amplification of genomic DNA extracted from patient samples using MOTT primers. 
Lane (1) negative control containing all reaction components and no template DNA; Lane 
15 (2) negative acid-fast sputum smear; Lane (3) acid-fest positive pleural fluid; and Lane 
(4) positive control (Af. avium genomic DNA). 

Figure 3 shows an autoradiogram of an 8% native polyacrylamide gel revealing 
the amplification product of the ITSS of mycobacteria withM chelonae (MC) primers in 

20 100 [il reactions. Lane (1) negative control containing all reaction components and no 
template DNA; Lane (2) purified M avium genomic DNA (10 ng); Lane (3) purified M 
scrojulaceum genomic DNA (10 ng); Lane (4) purified M bovis genomic DNA (10 ng); 
Lane (5) purified M. tuberculosis H37Rv genomic DNA (10 ng); Lane (6) purified M 
fortuitum genomic DNA (10 ng); and Lane (7) purified M chelonae genomic DNA (0.01 

25 ng). 

Figure 4 shows an autoradiogram of an 8% native polyacrylamide gel revealing 
the amplification of genomic DNA extracted from patient samples using M chelonae 
(MC) primers. Lane (1) n^ative control containing all reaction components and no 
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template DNA; Lane (2) B«;Tec bottle flukJ («ad.fi«t »m«r positive); L«» (3) arduv.1 
tissue sections; and Lane (4) positive control (M. chehme genomic DKA). 

DETAILED DESCRIPTION OF THE INVENTION 

This section presents . detailed desmption of the invention and its applications. 
This description is b, way of several exanplary Ulustratioos, in increasing deta.1 and 
specificity, of the general methods of this invention. These exMnples are non-lumtmg, 
and related varianU will be apparrait to one of skUl in the art 

Although, for simplicity, this disclosure often md«s references to humans >t will 
be understood by those skilled in the art that the method, of the im,e«ion are also use&l 
for ti» andysis of any animal species Since mycobacteria infect both human and non- 
human animal species, one skiUed in the art will recognize that the methods of the present 
invention are equaUy applicable «> both human and animals such as Uvestock or 

agriculturally important animals. 

Tbe description of the invention, for simplicity, is largely in terms of enzymattc 
amplification. However, the m«hods of the invention are al«. applicable, as wUl be 
apparent to one skilled in the art, by any me.l»d of «nplification well known to tho^ of 
*U1 in the art Such methods of ampUfication include, fbr example «uym.t.c 
amplificrtion and amplification using conv^tional cloning techni<p»=s well known to 
those skill in the art. In one embodiment of this invention, the amplification is fi.cl.t«ed 
. by enzymatic ^npUfication, ^g., by m«ms of the polymerase chain reaction using pnmer 
pair s«s. -n* method ofpolymer.se ch»n re«*ion is weU known to tiH-se of ddU m the 

art. , 
It should be understood thtt various changes and modifications to the presently 

p,^ embodiments described herein wiU be app««nt to those ridlW in the art. Such 
changes and modiflcatiom can he made without departing fi-om the spirit and scope of the 
present invention and wHhout diminishing its attendant advantages. 

Prior to the present invention, methods used for idemifying MOTT spec.es 
included a chemiluminescent labeled AccuProbe (DNA oligonucleotide) method 
, developed by GEN PROBE, Inc., requiring muMeic acid probes to specifically altgn and 
associate to fimn std>le double-stranded complexes with rRNA of a targeted 



mycobacteria organism followed by detection of the resulting hybrid nucleic acid using a 
luminometer. Moreover, the AccuProbe method uses culture isolates and cannot be used 
on patient samples. 

Therefore, one embodiment of the present invention provides a method for 
detecting MOTT comprising obtaining a sample that contains nucleic acid; amplifying 
the nucleic acid in the sample with primers having the nucleic acid sequence SEQ. ID. 
NO.: 3 and SEQ. ID. NO.: 4; and detecting amplified nucleic acid products produced in 
the amptification step, thereby detecting MOTT in the sample. 

The samples may comprise clinical samples, isolated nucleic acids or isolated 
microorganisms. Clinical samples are in the form of a biological fluid or tissue (e.g., 
sputum, bronchial washings, gastric washings, spinal or synovial or peritoneal or 
pericardial fluids, blood, milk, lymph, skin, bone marrow, and soft tissues). In a 
preferred embodiment, the sample is selected from the group consisting of fresh/archival 
tissues, gastric washings, spinal or synovial or peritoneal or pericardial fluids, blood, 
milk, lymph, skin, bone marrow, bronchial washes, bronchial washings, sputum and 
blood. 

Nucleic acid is DNA, RNA or mRNA, single-stranded or double-sti^ded. 
The term "probe" or "primer" has the same meaning herein, namely, an 
oligonucleotide fragment. The term "oligonucleotide" as used in herein refers to a 
molecule compound of two or more deoxyribonucleotides or ribonucleotides. The primer 
may be RNA or DNA and may contain modified nitrogenous bases which are analogs of 
the normally incorporated bases, or which have been modified by attaching labels or 
linker arms suitable for attaching labels. 

It will be apparent to those skilled in the art that primers and probes of tiie present 
invention in many cases are structurally similar or identical. The terms primer and probe 
refer to tiie function of the oUgomicleotide. An oligonucleotide may fiinction as a probe 
if it is hybridized to a target sequence to detect tiie target sequences. Alternatively, tiie 
same oUgonudeotide may fiinction as a primer if it is used to amplify the target. 

As nucleic acids do not require complete homology to hybridize, it will be 
apparent to those skilled in tiie art tiiat tiie primer sequences specifically disclosed herein 
may be modified so as to be substantially homologous to the primer sequences disclosed 



herein without loss of utility as specific primers for ampUfying MOTT or MTB or M 
chehme. It is well-known in the art that hybridization of homologous and partially 
homologous nucleic acid sequences may be accomplished by appropriate manipulation of 
hybridization conditions to increase or decrease the stringency. 

The oligonucleotides of the present invention are used to detect MOTT, MTB or 
M chelome nucleic acid sequences. However, the portion of the primer that hybridizes 
to the template may also be used as hybridization probe for direct detection of MOTT in 
various nucleic acid hybridization methods. 

Alignment of the 16S-23S rDNA internal transcribed spacer sequences (TTSS) of 
MOTT species revealed considerably homology. Therefore, the present inventors 
designed several degenerate synthetic oligonucleotide primer pairs capable of amplifying 
selected regions of the ITSS of MOTT species. 

The present invention provides a method for detecting 11 different MOTT by 
using primers capable of amplifying 11 different MOTT species in a single test and do 
15 not amplify M tuberculosis DNA. In a preferred embodiment of the Fesent invention, 
the MOTT primer pair consists of primers having nucleic acid sequences of SEQ. ID. 
N0.:3 and SEQ. ID. N0.:4. In another preferred embodiment of the present invention, 
the MOTT species detected by the primers having the nucleic acid sequence of SEQ. ID. 
No.:3 and SEQ. ID. NO.:4 are selected from the group consisting of M avium, M 
20 intracellularre. M. gordome, M. simiae. M kansaii, M malmiermse, M. gastri, M. 
marimum, M. scrofulaceum. M asiaticum. andM szulgai. 

As used herein, the "template DNA" or "target sequences" refers to a nucleic acid 
sequence to which the amplification primer specifically binds and amplifies. These 
include the original nucleic acid sequence to be amplified and its complementary second 
25 strand as well as either strand of a copy of the original target sequence generated during 
the amplification reaction. 

Copies of the target sequence which are generated during the amplification 
reaction are referred to as "amplified nucleic acid products" or "amplicons". An 
extension product refers to the copy of a target sequence produced by hybridization of a 
30 primer and extension of the primer by polymerase using the target sequence as a 
template. 



In a preferred embodiment of this invention, amplification is by means of 
polymerase chain reaction using primer. The method of polymerase chain reaction is 
well known to those of skill in the art. 

Alignment of the ITSS of MOTT species withM chelonae revealed poor identity. 
However, aUgmnent of the ITSS among M chelome isolates revealed 93% identity. 
Therefore, M chelome oUgomideotide primers (SEQ. ID. N0.:5 and SEQ. ID. N0.:6) 
were designed to amplify selected regions of the ITSS of M chelome and yield 
approximately a 192 bp product. 

Another embodiment of tiie present invention provides a method for detecting M 
chelome comprising obtaining a sample that contains nucleic acid; amplifying the 
nucleic acid in the sample with primers having the nucleic acid sequence SEQ. ID. NO.: 
5 and SEQ. ID. NO.: 6; and detecting amplified nucleic acid products produced in the 
amplification step, tiiereby detecting M chelome in the sample. 

Preferably, the inventive metfiods disclosed herein employ a set of two 
amplification primers termed "primer sets" to amplify ti»e mycobacterial nucleic acid 
sequences. Alternately, amplification using one primer or a set of tiiree or more 
amplification primers can be used to carry out the present invention. 

The present inventors designed tiie MOTT primers based on whether the primer: 
(i) selectively amplified MOTT DNA; (ii) did not amplify MTB; (iii) possessed the 
ability to amplify DNA of several MOTT species; (iv) produced a 120 to 200 bp product; 
and (V) produced minimal nonspecific amplification produrts. The primers designed to 
amplify MTB yielded approximately 180 bp fragment and specifically ampUfied MTB. 

Therefore, tiie present invention fiirther provides a metfiod for detecting and 
differentiating the presence of MTB and MOTT comprising obtaining a sample 
containing nucleic acids; amplifying nucleic acid present in the sample by using two 
primer sets comprising a first primer set and a second primer set wherein the first primer 
set comprises primers having tiie nucleic acid sequence of SEQ. ID. N0.:1 and SEQ. ID. 
N0.:2; and tiie second primer set comprises primers having tiie nucleic acid sequence of 
SEQ. ID. N0.:3 and SEQ. ID. N0.:4; separating tiie amplified nucleic acid products; 
detecting amplified nucleic acid products having approximately 180 bp tiiereby indicating 
the presence of MTB in the sample; and detecting amplified nucleic add products 



produced having approximately 130 bp thereby indicating the presence of MOTT in the 
sample. 

The amplified nucleic acid products may be separated by any separation method 
known in the art including but not limited to electrophoresis and chromatography. 

The present invention fiirther provides a method for distinguishing the presence of 
MOTT species comprising obtaining a sample containing nucleic acids; amplifying 
nucleic acid present in the sample by using two primer sets comprising a first primer set 
and a second primer set wherein the first primer set comprises primers having the nucleic 
acid sequence of SEQ. ID. N0.:3 and SEQ. ID. N0.:4; and the second primer set 
comprises primers having the nucleic acid sequence of SEQ. ID. NO.:5 and SEQ. ID. 
N0.:6; separating the amplified nucleic acid products; detecting amplified nucleic acid 
products having approximately 130 bp thereby indicating the presence of MOTT in the 
sample; and detecting amplified nucleic acid products produced having approximately 
190 bp thereby indicating the presence ofM chelonae in the sample. 

Alternatively, the primers may be labeled with any detectable marker known in 
the art, including other radioactive nuclides such as ^'S or '^P and the like, fluorescent 
markers such as fluorescein or riiodamine, and the like, or with enzymatic markers which 
may produce detectable signals when a particular chemical reaction is conducted, such as 
alkaline phosphatase or horseradish peroxidase. Such enzymatic markers are preferably 
heat stable, so as to survive the denaturation steps of the amplification process. Primers 
may be indirectly labeled by incorporating a nucleotide covalently linked to a hapten or 
other molecule such as biotin to which a labeled avidin molecule may be bound, or 
digoxygenin, to which a labeled anti-digoxygenin antibody may be bound. Primers may 
be labeled during chemical synthesis or the label may be attached after synthesis by 
methods knovra in the art. The method of labeling and the type of label is not critical to 
this invention. 

In yet another embodiment, the present invention provides a method for 
distinguishing the presence of MOTT species comprising; (a) obtaining a sample 
containing nucleic acids; (b) amplifying nuddc acid present in the sample by using two 
primer sets comprising a first primer set and a second primer set wherein (i) the first 
primer set comprises primers having the nucleic acid sequence of SEQ. ID. N0.:3 and 
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SEQ. ID. N0.:4; and (ii) the second primer set comprises primers having the nucleic acid 
sequence of SEQ. ID. N0.:5 and SEQ. ID. N0.:6; wherein each primer set is labeled with 
dififerent labels; (c) separating the amplified nucleic acid products; (d) detecting 
incorporation of labeled primers from step (b)(i) thereby indicating the presence of 
MOTT in the sample; and (e) detecting incorporation of labeled primers from step (b)(ii) 
ther^y indicating the presence of M chehnae in the sample. 

In still another embodiment, the present invention provides a method for detecting 
and differentiating the presence of MTB and M. chehnae comprising; (a) obtainmg a 
sample containing nucleic acids; (b) amplifying nucleic acid present in the sample by 
using two primer sets comprising a first primw set and a second primer set wherein (i) the 
first primer set comprises primers having the nucleic acid sequence of SEQ. ID. N0.:1 
and SEQ. ID. N0.:2; and (ii) the second primer set comprises primers having the nucleic 
acid sequence of SEQ. ID. NO.:5 and SEQ. ID. N0.:6; wherein each primer set is labeled 
with different labels; (c) separating the amplified nucleic acid products; (d) detecting 
incorporation of labeled primers from step (bXi) thereby indicating the presence of MTB 
in the sample; and (e) detecting incorporation of labeled primers from step (bXii) thereby 
indicating the presence ofM chehnae in the sample. 

In yet another embodiment, the present invention provides a method for detecting 

and differentiating the presence of MTB, MOTT and M chehnae comprising; (a) 

obtaining a sample containing nucleic acids; (b) amplifying nucleic acid present m tiie 

sample by using three primer sets comprising: (i) the first primer set, a second primer set 

and a third primer set wherein (i) the first primer set conq)rises primers having the 

nucleic acid sequence of SEQ. ID. N0.:3 and SEQ. ID. N0.:4; (u) the second primer set 

comprises primers having the nucleic acid sequence of SEQ. ID. N0.:3 and SEQ. ID. 

NO.:4; and (iii) the third primer set comprises primers having the nucleic acid sequence 

of SEQ. ID. N0.:5 and SEQ. ID. N0.:6; wherein each primer set is labeled with different 

labels; (c) sepai^ting the amplified nucleic acid products; (d) detecting incorporation of 

labeled primers from step (b)(ii) thereby indicating the presence of MTB in the sample; 

(e) detecting incorporation of labeled primers from step (bXii) thereby indicating the 

presence of MOTT in the sample; and (f) detecting incorporation of labeled primers from 

step (b)(iii) thereby indicating the presence of M chehnae in the sample. 
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In one embodiment of the present invention, the label is selected from the group 
consisting of radioactive, enzymatic, fluorescent, biotinylated, and chemiluminescent 
labels. 

The present invention further provides kits for detecting MOTT in a sample. In 

5 one embodiment, this invention provides a kit for detecting MOTT and MTB nucleic 
acid, wherein the kit comprises a container means comprising two primers sets wherein 
first primer set comprises primers having the nucleic acid sequence of SEQ. ID. N0.:1 
and SEQ. ID. N0.:2; and second primer set comprises primers having the nucleic acid 
sequence of SEQ. ID. N0.:3 and SEQ. ID. N0.:4, wherein each primer set is labeled with 

10 different detectable labels; and a reagent for detecting smd labels. 

Another embodiment provides a kit for detecting MOTT and M chelonae nucleic 
acid, wherein the kit comprises a container means comprising two primers sets wherein 
first primer set comprises primers having the nucleic acid sequence of SEQ. ID. NO.:3 
and SEQ. ID. N0.:4; and second primer set comprises primers having the nucleic acid 

15 sequence of SEQ. ID. N0.:5 and SEQ. ID. N0.:6, wherein each primer set is labeled with 
different detectable labels; and a reagent for detecting said labels. 

In yet another embodiment, the present invention provides a kit for detecting 
MTB and M chelonae nucleic acid, wherein the kit comprises a contmner means 
comprising two primers sets wherein first primer set comprises primers having the 

20 nucleic acid sequence of SEQ. ID. N0.:1 and SEQ. ID. N0.:2; and second primer set 
comprises primers having the nucleic acid sequence of SEQ. ID. N0.:5 and SEQ. ID. 
N0.:6, wherein each primer set is labeled with different detectable labels; and a reagent 
for detecting said labels. 

In still another embodiment, the present invention provides a kit for detecting 

25 MTB, MOTT and M chelonae nucleic acid, wherein the kit comprises a container means 
comprising three primers sets wherein first primer set comprises primers having the 
nucleic acid sequence of SEQ. ID. N0.:1 and SEQ. ID. N0.:2; second primer set 
comprises primers having the nucleic acid sequence of SEQ. ID. N0.:3 and SEQ. ID. 
N0.:4; and third primer set comprises primers having the nucleic acid sequence of SEQ. 

30 ID. N0.:5 and SEQ. ID. N0.:6, whwein each primer set is labeled with different 

detectable labels; and a reagent for detecting said labels. 
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The following examples are given for the purpose of illustrating various 
enabodiments of the invention and are not meant to limit the present invention. 

7. MATERIALS AND METHODS 

5 7.1 Sample Preparation 
7.1.1 Fresh Tissue 

Fresh tissue samples were prepared by chopping the tissue into fine pieces with 
sterile scissors and passing it through a hand operated disposable tissue grinder in a SO 
mM Tris-HCl buffer, pH 8.0 containing 1 mM EDTA and 0. 1% Tween 20. 

10 7.1.2 Plueral^ Svoovial^ Peritonea! and Pericardium Fluids 

Plueral, synovial, peritoneal and pericardium fluids (5 to SO ml) were 
concentrated by centrifugation fluid at 3,000 x g for 25 minutes to 1 ml. These fluids 
contain high concentrations of protein. Therefore, a denaturing solution containing 
sodium hydroxide and triton was added to the sample to prevent protein agglutination. 

15 After boiling the samples to lyse the cells, the pH of the solution was adjusted to 7.0 to 
7.5 using hydrochloric acid and Tris buffer. DNA was isolated from the neutralized 
lysate and concentrated using commercially available DNA isolating kits. 

7.1.3 Whole Blood 

M tuberculosis was detected using whole blood by isolating buf!y coats and 
20 lysing the bacterial cells. Buffy coats were suspended in digestion buffer (SO mM Tris- 
HCL buffer, pH 7.5 containing EDTA, 0.1% Tween 20 and 0.2 mg/ml of proteinase K) 
and incubated overnight in a water bath at 55° C. 

7.1.4 Bone Marrow 

Isolation of mycobacteria DNA from bone marrow was treated like fresh tissue 
25 {see Section 7.1.1). Bone marrow aspirates contain mostly bone marrow spicules which 
are separated from the blood by fine aspiration and digested. The DNA was isolated as 
described for buffy coats in Section 7. 1 ,3. 

7.1.5 Sputum, Spinal Fluids and Paraffin Embedded Tissue Sections 
Mycobacteria cells from sputum, spinal fluids and urine samples were lysed by 

30 placing the sample in boiling water for 10 minutes. 
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Detection of mycobacteria when using paraffin-embedded tissue is performed 
using 25 |im slices of tissue block. The paraffin is removed using octane extraction and 
the octane is removed by performing repeated ethanol extractions. The tissue is digested 
using proteinase K with Tween 20. The cells were lysed by boiling and the DNA is 
5 isolated. 

7.2 Nucleic Acid Extraction 

The same extraction method was employed to extract nucleic acid from MTB and 
MOTT and the same sample was used for detection of MOTT, MTB and Mycobaceria 
chelonae. Initial processing steps were diffi^-ent for different types of samples (see 

10 Sections 7.1.1-7.1.5). Sample volumes were between 400-500 \xl Pure cultures of either 
M avium or M gordonae and M chelonae cell were grown to a McFarland standard of 
about 3 to 4 in Middlebrook 7H9 broth (Difco) containing Tween 80 at 35° C. Cells 
suspensions of mycobacteria were used to extract genomic DNA, Genomic DNA was 
extracted by suspending cells in a boiling water bath for 10 minutes followed by 

15 adsorption of released DNA to charged glass beads from a Gene Clean kit (Bio 101, La 
JoUa, CA). 

7.3 Primer Synthesis 

The oligonucleotides of the present invention were obtained from GIBCO/BRL. 
All synthesized oligonucleotides have hydroxyl groups at the 5' end using 

20 cyanoethanol phoshoramidite chemistry. The oligonucleotides were purified by standard 
method using commercially available silica based columns by the manufacturer. 

Oligonucleotide primers or oligonucleotide probes suitable for use in the present 
invention may be derived by any method known in the art, including chemical synthesis 
or cleavage of a larger nucleic acid using non-specific nucleic acid-cleaving chemicals or 

25 enzymes, or by using site-specific restriction endonucleases. The oligonucleotide primer 
may be purified by any method known in the art, including extraction and gel 
purification. The concentration and purity of the oligonucleotide primer may be 
examined on an acrylamide gel, or by measuring the optical densities at 260 and 280 nm 
in a spectrophotometer. 

30 

14 



7.4 Polymerase Chain Reaction Conditions 

The polymerase chain reaction was performed at 50° C x 10 minutes for one 
cycle; 94*^ C x 5 minutes for one cycle; 94° C x 30 seconds, 65° C x 30 seconds, 72° C x 
45 seconds for 34 cycles; 72° C x 20 minutes for one cycle; and 4° C, until the samples 
were removed from the thermal cycler. 

7.5 Detection of Mycobacteria 

DNA size separation was accomplished by applying aliquots of the amplicons 
onto 8% native polyacrylamide gels using 44.5 mM tris-borate buffer, 1 mM EDTA, pH 
8.3. Gels were dried using a commercially available gel dryer at approximately 80° C for 
30 minutes under vacuum. Visualization of the gels was performed by autoradiography 
using Kodak BioMax MR film. Quick detection of amplicons was visualized using a 
Phosphorlmager because X-ray films often required overnight exposure at room 
temperature while Phosphorlmager required only 60 minutes of exposure to obtain the 
same resuhs. 

In embodiments of this invention where DNA fragments are separated by length, 
any length separation means known in the art can be used. One alternative separation 
means employs a sieving medium for separation by fragment length coupled with a force 
for propelling the DNA fragments though the sieving medium. The sieving medium can 
be a polymer or gel, such a polyacrylamide or agarose in suitable concentrations to 
separate 10-1000 bp DNA fragments. In this case the propelling force is a voltage applied 
across the medium. The gel can be disposed in electrophoretic configurations comprising 
thick or thin plates or capillaries. The gel can be non-denaturing or denaturing. 
Alternately, the sieving medium can be such as used for chromatographic separation, in 
which case a pressure is the propelling force. Standard or high performance liquid 
chromatographic ("HPLC") length separation means may be used. An alternative 
separation means employs molecular characteristics such as charge, mass, or charge to 
mass ratio. Mass spectrographic means capable of separating 10-1000 bp fragments may 
be used. The choice of appropriate matrices and buffer are well known in the art and so 
are not described in detailed herem. 
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Alternatively, DNA fragments may be detected using labeled primers. In 
embodiments of this invention where DNA fragments must be labeled and detected, ^ny 
compatible labeling and detection means known in the art can be used. In embodiments 
of this invention where intercalating DNA dyes are utilized to detect DNA, any such dye 

5 known in the art is adaptable. In particular such dyes include but are not limited to 
ethidium bromide, propidium iodide, Hoechst 33258, Hoechst 33342, acridine orange, 
and ethidium bromide homodimers. 
7.6 AmoMfication of ITSS of MOTT 

Several d^enerate synthetic oligonucleotide primers were designed for 

10 amplification of selected regions of the ITSS of MOTT species (MAC, M. gordome, M 
simiae, M. kansasii, M malmoense, M. gastrii, M. marimum, M scrofulaceum, M 
asiaticum andM. szulgai) based on nucleic acid homoogy. Primers were generated based 
on whether the primer: (i) selectively amplified MOTT DNA; (ii) did not amplify MTB; 
(iii) possessed the ability to amplify DNA of several MOTT species; (iv) produced a 120 

15 to 200 bp product; and (v) produced minimal nonspecific amplification products. 

Primer specificity was tested by PCR amplification of 0.01 to 0.1 ng of purified 
genomic DNA of M avium, M. kansaii and M scrofulaceum {see Figure 1). Primers 
were 5'-end labeled with [y-^^P] ATP. Radioactive amplicons generated fi^om PCR 
amplification were separated on 8% nondenaturing polyacrylamide gels followed by 

20 autoradiography. The same conditions for genomic DNA purification, isolation and PCR 
amplification of the MTB complex and MOTT DNA were adopted. Amplification of M 
cmmn, M kansaii and M scrofulaceum DNA with degenerate MOTT primer pah: (SEQ. 
ID. N0.:3 and SEQ. ID. N0.:4, see Table I) yielded approximately 130 bp amplicon. 
PCR amplification of 10 ng of genomic DNA extracted fi^om cells of M tuberculosis, M 

25 bovis, rapid mycobacteria growers (M chelonae and M fortuitum) and other bacteria 
{Escherichia coli, Pseudomonas aeruginosa, Staphylococcus auerus, Klebsiella oxytoca, 
Enterococcus fecalis and Proteus vulgaris) yielded no products with MOTT primars 
(SEQ. ID. NO.:3 and SEQ. ID. NO.:4) {see Figure 1). Autoradiograph patterns of 
purified genomic DNA (O.I ng) isolated fi'om M gordonae was similar to patterns of 

30 purified genomic DNA (0. 1 ng) isolated fi'om M a\num (data not shown). 



The MOTT PCR amplification method was tested on fifty clinical samples fi-om 
bronchial washes, sputum, archival tissues and blood that were acid-fast positive and 
grew M avium, M. kansaii or M scrofulaceum upon culturing MOTT. DNA was 
extracted fi'om clinical specimens as described above, see Section 7.1. DNA was 

5 amplified using radiolabeled MOTT primers (SEQ. ID. NO,:3 and SEQ. ID. N0.:4) and 
separated on 8% polyacrylamide gels. Autoradiography revealed approximately a 130 bp 
fi-agment {see Figure 2). Both patient samples were positive forM avium, (see Figure 2, 
lane 3 acid-fast positive pleural fluid). Culture results were available 30 days after PCR 
results were known. 

10 7.7 Amplification of ITSS of M chelonae 

An alignment of nucleic acid sequences of the ITSS of M chelonae and M 
fortuitum revealed poor species identity. However, alignment of the ITSS among M 
chelonae revealed 93% identity while the nucleic acid homology among M fortuitum 
isolates was only 53%. Therefore, based on nucleic acid homology, a M chelonae 

15 oligonucleotide primer pair (SEQ. ID. N0.:5 and SEQ. ID. N0.:6) was designed to 
amplify selected re^ons of ITSS of M chelonae and yield approximately a 192 bp 
product. The amplification potential of the M chelonae (MC) primers were challenged 
using purified genomic DNA of M chelonae, M fortuitum, M avium, M kansaii, M 
scrofulaceum, M tuberculosis and M bovis. The same conditions were employed for 

20 PCR amplification and amplicon detection with MOTT primers (SEQ. ID. N0.:3 and 
SEQ. ID. N0.:4) and MC primers (SEQ. ID. N0.:5 and SEQ. ID. N0.:6). PCR 
amplification of 0.01 ng of M chelonae DNA yielded a single band of approximately 192 
bp {see Figure 3, lane 7). PCR amplification of 10 ng of DNA isolated fi'om M 
tuberculosis, M. bovis, MAC, M kanasii and M scrofulaceum yielded no product with 

25 MC primers (SEQ. ID. NO.:5 and SEQ. ID. NO.:6) {see Figure 3, lanes 2 to 6). PCR 
amplification of genomic DNA isolated from other mycobacteria revealed no 
amplification products. 

The potential of MC primer pair was tested on two specimens obt^ned fi^om 
patients harboring M chelonae infection. Genomic DNA was extracted from patient 

30 samples. DNA extraction and amplification with [y-^^P] ATP labeled MC primers (SEQ. 



ID. N0.:5 and SEQ. ID. N0.:6), yielded approximately a 192 bp product, {see Figure 4). 
Both patient samples were positive for M chelonae. {see Figure 4; lane 2 acid-fast 
positive BacTec bottle fluid smear). Culture results were available 10 days after PCR 
results were known. 

5 



TABLE 1 
Primer Sequences 



SEQ. ID. NO.: 


Sequences 


Source 


1 


5'-GGCTGTGGGTAGCAGACC 


Artificial Sequence 


2 


5'-CGGGTCCAGATGGCTTGC 


Artificial Sequence 


3 


S'-AAGGAGCACCACGARAAR 


Artificial Sequence 


4 


5'GTGTTGYCTCAGGRCCCAAT 


Artificial Sequence 


5 


S»CCATTTCCCAGCCGAATGAG 


Artificial Sequence 


6 


5'ACCACCAAGCAGGGTGACAA 


Artificial Sequence 



R denotes A or G 



Y denotes C or T 

10 

7.8 Standardization of PCR Methods 

Specificity of PCR amplification with MOTT or MC primers was confirmed by 
amplifying template DNA with nonradioactive primers and cloning the PCR product into 
a TA-vector (Invitrogen Corporation). A fluorogenic probe labeled with fluorescent dyes 

15 (5'-carboxyfluoroscein at the 5'-end and N,N,N,N-tetramethy-6-carboxyrhodamine at the 
3'-end) were prepared. The purified recombinant plasmid DNA was sequenced by 
automatic sequencing techniques and experimental nucleotide sequences were compared 
to published sequences of ITSS. 

Positive controls included M avium or M gordonae cells. Slowing growing 

20 mycobacterial genome has one copy of the ITSS. MOTT amplicon was sequenced in 
three independent patient samples. 

7.9 Identification of MOTT DNA in ainicai Samples 



PCR amplification of template DNA extracted fi^om several clinical specimens 
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gave either a 130 bp amplicon with the MOTT primer set (SEQ. ID. N0.:3 AND SEQ. 
ID. N0.:4) {see Figure 2) or approximately 192 bp amplicon with the Mycobacteria 
chelonae primer set (SEQ. ID. N0.:5 AND SEQ. ID. N0.:6) {see Figure 4). 

^ 8. EXAMPLES 

The invention having been described, the following examples are ofifered by way 
of illustration and not limitation. 

The examples herein describe the successful detection and differentiation of 
infections in patient samples caused by M tuberculosis, M. chelonae or MOTT. The 
10 ability to quickly detect Mycobacterium tuberculosis or mycobacterial infections other 
than tuberculosis obviated the need for unnecessary drug treatments or prolonged waiting 
periods for results. 
8.1 Example I 

Patient Characteristics: A seventy-five year old male living with his young 
15 grandchildren was diagnosed with prolonged respiratoiy problems and weight loss. His 
liver function was marginal and a mass was found in the left lower lobe of his lung as 
evidenced from a chest X-ray and computed tomography (CT). Ifistological examination 
of a biopsy of the suspected tissue region revealed adenocarcinoma. The patient was 
purified protem derivative (PPD) positive for tuberculosis. 
20 A lobectomy of the lung was paformed and several acid fast bacilli were revealed 

from the acid-stain of the lung smear. A tissue sample was sent for culturing but the 
resufts would not be available until 2 to 12 weeks. At this point, the clinician must 
determine whether the patient has M tuberculosis or any other atypical mycobacteria 
before administering treatment as the patient lived with an extended family including 
25 small grandchildren. If the patient has tuberculosis, he must be treated immediately. 
However, the patient's poor health conditions prevented empirical treatments because 
some of the drugs used in the treatment of tuberculosis have side effects and are not 
tolerated by patients that require special attention. For example, isoniazid, a drug used in 
combination with other antibiotics for tuberculosis treatment has potential for liver 
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damage. Additionally, the length of time for treatment can vary from 6 to 12 months. It 
is very difficult to treat small children with a drug raiment that lasts as long as 9 months. 

Results; Two to six paraffin embedded tissue sections of 25 micron thickness 
were obtained for diagnosis. Template DNA was prepared as detailed in Section 7.2 and 
5 amplified for MTB and MOTT. The patient was positive for MOTT and negative for 
MTB. 

8.2 Example II 

Patient Characteristics : A 63 year old male was recently PPD positive and 
possessed pulmonary problems including emphysema. Chest X-rays patterns were 
10 abnormal and he was immunosuppressed due to a previous liver transplant. 

Results; Pleural fluid and paraffin embedded tissue obtained from the patient 
was tested for MTB and MOTT. Template DNA was prepared as detailed in Section 
7,1.5. The template was amplified for MTB and MOTT as described earlier. The patient 
was MTB negative and MOTT positive, 
IS 8«3 Example ffl 

Patient Characteristics! A 92 year old female went to a primary care physician 
complaining of severe back problems. She was treated with st^oids related for local 
pain. Three months later, she went to the hospital complaining of additional pain. A CT 
scan showed diskitis suggesting microbial infection. 
20 Results ; Microscopy analysis suggested that the fluid was acid-fast positive. 

Drainage fluid from the infected area was analyzed for MTB and MOTT. Within 24 
hours, the fluid sample was diagnosed as positive for MTB and negative for MOTT using 
the present method. 
8.4 Example IV 

2^ Patient Ch aracteristics ; A S4 year old male taking multiple drugs for asthma, 

heart and pulmonary problems came to the clinic complaining of a little bump on his 
scalp. Careful examination of the scalp revealed localized infection which did not 
penetrate the brain area. 

Results ; The fluid from the bump was acid-fast positive but was n^ative for 

30 both MTB and MOTT. Culture results revealed that the fluid was positive for Nocardia 
which is also an acid-fast organism. 

20 



8.5 Example V 

Patient Ch aracteristics : A 55 year old male patient taking steroid drugs for 
systemic lupus ^ematosus possessed patchy nodules on his right forearm. The 
clinician was posed with a challenge to determine whether the cause of the patchy 
5 nodules was due to lupus which would require a more aggressive immunotherapy. 

Results: A biopsy of the infected area was sent for histology, culturing and 
detection by PGR. The specimen was processed as a fresh tissue as detailed in Section 
7.1.1. The extracted DNA was amplified using MTB, MOTT and MC primers. The 
specimen was positive fro MC but negative for MTB and MOTT. Because of the quick 
10 diagnosis, the patient was treated with clarithromycin, a single antibiotic without the need 
for an extra round of immunosuppressive drugs. Eight days later, the culture results also 
revealed M chelome. 
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All references cited herein are incorporated herein by reference in their entirety 
and for all purposes to the same extent as if each individual publication or patent or 
patent application was specifically and individually indicated to be mcorporated by 
reference in its entirety for all purposes. Many modifications and variations of this 
invention can be made without departing from its spirit and scope, as will be apparent to 
those skilled in the art. The specific embodiments described herein are offered by way of 
example only, and the invention is to be limited only by the terms of the appended 
claims, along with the fiill scope of equivalents to which such claims are entitled. 
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